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The present invention relates to a system and methodology 

to reduce siZe, Weight and cost, improve data processing 
rates and serviceability, and accommodate higher I/O multi 

chip modules (MCMs) for printed circuit board (PCB) 
assemblies employed in the electronics industry. This is 
accomplished by selecting loW cost, pre-assembled, plastic 
chip type MCMs for constructing a daughter card Where the 
daughter card material can accommodate high density lines 
and spaces. Optical interconnects are employed betWeen the 
daughter card and the motherboard to provide a high speed 
interface that is substantially not effected by contaminates or 
limitations associated With electrical lead Wires and solder 
bonds. The result is a high performance card that meets 
current and projected future demands in signal processing. 
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COMPACT LOW COST PLASTIC MCM TO PCB 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a system and 
methodology for signal processing, and in particular to a 
compact, loW cost, plastic multi-chip module (p-MCM) 
daughter board operatively coupled to a printed circuit board 
(PCB) for signal processing in the aerospace industry. 

[0003] 2. Discussion of the Related Art 

[0004] The evolution in electrical/electronical technolo 
gies has embedded signal processing With substantially 
every aspect of contemporary culture. Generally, any device 
that requires analog, digital and/or radio frequency (RF) 
signals to be processed employs signal processing. This 
marriage of signal processing and society has lead to break 
throughs and discoveries in areas dependent on information 
gathered through signal characteristics. 

[0005] Several examples of utilities that employ signal 
processing include personal computers (PCs), automobiles, 
cell phones, aircraft, satellite and spacecraft. Personal com 
puters have become indispensable household items. They 
are utiliZed for managing ?nances, controlling security, 
heating and lighting systems, providing entertainment, pre 
paring meals (e.g., the microWave) and bridging people to 
the endless amount of information available through the 
Internet. In the Workplace, they are poWerful engines for 
solving problems and developing technologies that improve 
the standard of living of humanity. 

[0006] In automobiles, signal processors control ignition 
systems (e.g., fuel injection and timing), provide diagnostics 
(e.g., oil pressure, Water temperature and fuel levels) and 
ensure safety (e.g., door ajar and seat belt not fastened). 
They can also be employed in navigation and roadside 
emergency systems. Signal processors in cell phones pro 
vide the ability to communicate (e.g., voice and text mes 
saging) and retrieve information (e.g., stock quotes) inter 
nationally. 

[0007] Advances in signal processing are readily apparent 
in the aerospace industry. Some aerospace manufacturers 
employ signal processing instrumentation on board ?xed 
Wing aircraft for applications such as land surveying. Col 
lected data is then processed to create video data offering a 
superb dynamic range. Data collection is performed With 
image spatial resolutions spanning from less than 1 meter to 
more than 11 meters, With spectral coverage from 380 to 
2450 nm. Spectral resolution is about 5.25 nm in the 
visible/near infrared (380-1000 nm) and about 6.25 in the 
short Wave infrared (1000-2450 nm). 

[0008] Other systems contain ?nely tuned sensors that are 
coupled With poWerful signal processing algorithms to pro 
vide a tool in spectral bands applications. For example, these 
systems can process re?ected light, most of Which registers 
in Wavelengths, or bands, invisible to humans, to create a 
unique spectral footprint for objects such as soil, Water, 
trees, vegetation, structures, metals, paints and fabrics. The 
unique spectral footprint can then be used for precision 
discrimination, for example determining Whether a tree is a 
maple or an oak. 

Sep. 30, 2004 

[0009] Industry and consumer demand for more poWerful, 
faster, smaller, and less expensive processors and peripher 
als has driven the technology industry to produce generation 
after generation of processing devices. HoWever, Integrated 
circuit (IC) technology and system infrastructures for con 
necting these devices to each other and to peripherals has not 
kept pace With the data transfer demands. As a result, overall 
system performance often suffers from bottlenecks in inter 
connections. 

[0010] Several factors have exaggerated this problem in 
embedded systems. In one example, the role of the back 
plane is shifting from its traditional task of providing a 
data-?oW channel betWeen boards to that of handling con 
trol, status, and initialiZation tasks. Even though some neWer 
high-speed backplane technologies are emerging, the con 
cept of arbitrating for a common bus shared across multiple 
boards proves limiting in the more demanding applications. 
As a result, alternate techniques for moving data across the 
backplane have groWn in acceptance. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present invention relates to a system and 
methodology to reduce siZe, Weight and cost associated With 
electronic packaging/interfacing betWeen one or more Multi 
Chip Modules (MCM) and a related processing and/or 
communications architecture. Multi Chip Modules adapted 
in accordance With the present invention improve data 
processing rates, system scalability and serviceability While 
accommodating higher input/output (I/ O) integrated circuits 
(ICs) for printed circuit board (PCB) assemblies employed 
in the aerospace or other communications industries. One or 
more of these aspects can be achieved by modulariZing 
signal processing hardWare and ?rmWare on compact 
removable subunits or modules Which can be represented by 
the MCM. Respective modules can be constructed With 
laminated materials that can accommodate smaller signal 
line dimensions and spacing there betWeen to facilitate 
dense input/output (I/O) channels or con?gurations. Such 
construction facilitates loWer cost utiliZation of plastic inte 
grated circuits in one example,—in lieu of ceramic packages 
that have been conventionally applied. Similarly, MCM 
components can be selected based on materials, perfor 
mance and layout con?gurations having attributes that 
include loW cost, high speed, scalability and serviceability. 

[0012] In another aspect of the present invention, the 
MCM and motherboard interface through high-speed, opti 
cal technology to mitigate electrical signal problems and 
costs associated With hard-Wired connections. Such signal 
problems can include degradation of signal performance as 
communications frequencies are increased, Which are gen 
erally transparent to optical communications provided in 
accordance With the present invention. Aggregation of the 
aforementioned design considerations provides a ?exible 
architecture that can overcome electrical component mount 
ing and interconnect de?ciencies, While scaling With future 
technology to achieve reduced siZe, Weight, and cost and yet, 
facilitating increased communications performance. 

[0013] The folloWing description and the annexed draW 
ings set forth in detail certain illustrative aspects of the 
invention. These aspects are indicative, hoWever, of but a 
feW of the various Ways in Which the principles of the 
invention may be employed and the present invention is 
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intended to include all such aspects and their equivalents. 
Other advantages and novel features of the invention Will 
become apparent from the following detailed description of 
the invention When considered in conjunction With the 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a block diagram of a signal processing 
system in accordance With an aspect of the present inven 
tion. 

[0015] FIG. 2 illustrates a signal processing system 
employing a client-host in accordance With an aspect of the 
present invention. 

[0016] FIG. 3 is a block diagram illustration of a modu 
lator/demodulator utiliZed With a signal processing system in 
accordance With an aspect of the present invention. 

[0017] FIG. 4 depicts an exemplary expansion card in 
accordance With the present invention. 

[0018] FIG. 5A is a block diagram of a signal processing 
system employing diagnostics in accordance With an aspect 
of the present invention. 

[0019] FIG. 5B is an exemplary board level diagnostics 
method for a signal processing system in accordance With an 
aspect of the present invention. 

[0020] FIG. 6 is a block diagram shoWing of a plurality of 
daughter cards interconnected to a signal processing system 
through an optical backplane in accordance With an aspect of 
the present invention. 

[0021] FIG. 7 presents a top vieW illustration of an 
exemplary expansion card in accordance With the present 
invention. 

[0022] FIG. 8 portrays an illustration of an exemplary 
expansion card mounted to a motherboard in accordance 
With the present invention. 

[0023] FIG. 9 provides a side vieW illustration of an 
exemplary expansion card in accordance With the present 
invention. 

[0024] FIG. 10 illustrates exemplary perpendicular con 
nections betWeen daughter cards and a motherboard in 
accordance With an aspect of the present invention. 

[0025] FIG. 11 presents an exemplary stacked board 
method of connecting daughter boards to a mother board in 
accordance With an aspect of the present invention. 

[0026] FIG. 12 illustrates an exemplary Free Space Opti 
cal Interconnect in accordance With an aspect of the present 
invention. 

[0027] FIG. 13 presents a cross-sectional vieW of an 
exemplary expansion board mounting technique in accor 
dance With an aspect of the present invention. 

[0028] FIG. 14 provides a comparative example of a prior 
art technique for mounting expansion boards. 

[0029] FIG. 15 is methodology for constructing a loW 
cost, serviceable, improved performance signal processing 
system in accordance With an aspect of the present inven 
tion. 
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[0030] FIG. 16 illustrates an example operating environ 
ment in Which the present invention may function in accor 
dance With an aspect of the present invention. 

DETAILED DESCRIPTION OF INVENTION 

[0031] The present invention is noW described With ref 
erence to the draWings, Wherein like reference numerals are 
used to refer to like elements throughout. In the folloWing 
description, for purposes of explanation, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. It may be evident, hoW 
ever, that the present invention may be practiced Without 
these speci?c details. In other instances, Well-known struc 
tures and devices are shoWn in block diagram form in order 
to facilitate describing the present invention. 

[0032] The subject invention relates to a system and 
methodology to reduce siZe, Weight and cost, improve data 
processing rates, system scalability and serviceability and 
accommodate higher 10 integrated circuits (ICs) for printed 
circuit board (PCB) assemblies. This can be achieved by 
modulariZing signal processing hardWare and ?rmWare on 
compact removable subunits or modules. Respective mod 
ules can be constructed With materials that accommodate 
dense input/output (10) channels. Components can be 
selected based on materials, performance and layout con 
?gurations having attributes that provide loW cost, high 
speed, scalability and serviceability. A module is operatively 
coupled to a main processing board, or motherboard, via 
various interfaces and/or mediums such as high-speed opti 
cal communications to facilitate installation, removal and 
replacement. 
[0033] As used in this application, the terms “component” 
and “system” are intended to refer to a signal processing/ 
communications related entity, either hardWare, a combina 
tion of hardWare and softWare, softWare, or softWare in 
execution. For example, a component may be, but is not 
limited to being, an integrated circuit integral to a signal 
processor, a signal processor, an interconnection, a client/ 
host, modulator, a thread of execution, a program, and/or a 
computer. By Way of illustration, both the signal processing 
algorithm running on a signal processing chip and the signal 
processing chip can be a component. Additionally, one or 
more components may reside Within a process and/or thread 
of execution and a component may be localiZed on one 
computer and/or distributed betWeen tWo or more comput 
ers. 

[0034] Further, a “daughter board” and “daughter card” 
refers to a printed circuit board that plugs into and extends 
the circuitry of another circuit board, for example a moth 
erboard or another daughter board. It is an expansion board 
that accesses the motherboard components, for example 
memory and CPU, instead of sending data through an 
expansion bus. A “Mezzanine” daughterboard usually refers 
to a board that is installed in the same plane as but on a 
second level above the motherboard. 

[0035] Referring initially to FIG. 1, a signal processing 
system 100 is illustrated in accordance With an aspect of the 
present invention. The signal processing system 100 facili 
tates high density component architectures and mitigates 
costs via one or more Multi Chip Modules 105 (MCM or 
MCMs) that support integrated circuit components, for 
example, and high speed couplings Which are described and 
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illustrated in more detail below. Generally, the MCM 105 is 
substantially smaller than conventional modules or boards, 
yet accommodates higher device and/or input/output (I/O) 
densities. For example, Where conventional boards may be 
about 20“><26“, the MCM 105, in accordance With the 
present invention, may be about 1“><2“, Wherein Weight 
reduction can be achieved through several processes. 

[0036] In one aspect, MCM 105 fabrication materials can 
lessen per board cost. In order to realiZe smaller chips 
having greater I/O capacity, BT (Bismaleimide TriaZine) 
Laminate (e.g., micro via technology), or other circuit 
material can be employed as substrate material for the MCM 
105. One advantage of BT Laminate is that it alloWs more 
I/O per area through reduced lines and spacing to facilitate 
a more compact circuit layout. For example, current printed 
circuit board (PCB) technology is typically limited to S-mil 
lines and spaces, Whereas BT Laminate facilitates less than 
S-mil lines and spaces. For example, technology is trending 
toWard about 2-mil (or less) lines and spaces With staggered 
routing, and BT Laminate can accommodate these smaller 
lines and spaces. Thus, the number of I/O channels per 
MCM 105 can increase While reducing its corresponding 
footprint. In addition, reduction of parasitics can be attained 
through minimiZing the distances betWeen chips and elimi 
nating the use of lead Wires and solder bonds. HoWever, the 
invention is not so limited. For example, other materials that 
exhibit similar attributes including high speed, compact, 
high reliability, loW Water absorption, high glass transition 
temperature, good thermal expansion coefficient match, and 
?ne surface ?nishes can be employed. As an example, 
substrates such as FR-4 and polyimide (e.g., organic) can be 
utiliZed. 

[0037] In one aspect of the present invention, the MCM 
105 is an electronic package structure consisting of tWo or 
more “bare,” or unpackaged integrated circuits, or ?ip chips, 
interconnected on a common substrate (See FIGS. 13 and 
14). The interconnects are usually multiple layers, separated 
by insulating material, and interconnected by conductive 
vias. A driving force behind MCMs 105 is the need to 
miniaturiZe and improve the performance of the conven 
tional printed circuit board. MCMs offer better performance 
density per unit cost than conventional single-chip packages 
on printed circuit boards. As the need to improve perfor 
mance as technology advances, the need to reduce Wiring 
delay by mitigating individually packaged chips is evident. 
Signal delay is minimiZed in MCMs 105 due to a reduction 
in total length of the interconnect Which, in turn, reduces 
parasitic circuit elements. 

[0038] The MCM 105 interfaces With a main board com 
ponent 120 (e. g., satellite controller) through an interconnect 
component 115 that facilitates high speed signal processing 
and mitigates Wired connection schemes. Generally, many 
industries apply interfaces via surface mount or hard-Wired 
technologies. HoWever, these electrical interconnections 
typically do not scale With technology, Wherein they usually 
need to be re-designed to keep up With state of the art 
devices. Thus, regularly it is the interconnection medium 
rather than the devices that act as a signal processing 
bottleneck. For example, electrical interconnections 
designed for 500 MHZ probably Will not Work at 600 MHZ 
because of inductance, crosstalk, and Wave re?ection phe 
nomena. In addition, electrical connections are susceptible 
to loss at high frequencies, generation of undesired emis 
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sions, electromagnetic interference, etc. Furthermore, elec 
trical connections should be planar or straight to minimiZe 
signal distortion. Accordingly, advances in technology force 
electrical paths to be re-designed or abandoned. For 
example, the trend in telecommunications has been to move 
aWay from electrical lines for long-distance traf?c. 

[0039] In one aspect, the present invention employs opti 
cal interconnects in the interconnect component 115. Optical 
interconnects provide dense interconnects at the chip level, 
facilitate loWer poWer dissipation, smaller latency, and 
smaller physical siZe, provide the ability to integrate With 
mainstream silicon electronics in large numbers, While pro 
moting transparency to electrical parasitics, and scalability. 
Thus, an optical system designed for 500 MHZ can continue 
to Work up to 500 GHZ or more because the frequency of 
modulation has essentially no effect on the propagation of 
light signals. 

[0040] In another aspect of the present invention, the main 
board component 120 receives signals from the interface 
components 115, Which can include a plurality of signal 
processing components (not shoWn) and/or MCMs 105. The 
main board component 120 facilitates further signal pro 
cessing of signals received from the MCM 105 and associ 
ated interconnect components 115, coordinates the transfer/ 
processing of data, and facilitates other operations (e.g., 
satellite communications). In other aspects in accordance 
With the invention, a plurality of main board components 
120 may interact to complete one or more tasks. 

[0041] The main board component 120 may further 
include an applications component 125 and an instructions 
component 130, Wherein the applications component 125 
stores one or more applications. As an example, the system 
100 may be part of a multispectral imaging system. The 
applications component 125 may include an application for 
scanning the surface of the earth employing multispectral 
scanning techniques. In addition, multiprocessing may be 
utiliZed to run serially or concurrently. For example, tWo or 
more scanning applications may run concurrently employ 
ing various Wavelengths (e.g., infrared and ultraviolet). 

[0042] The instructions component 130 may include loWer 
level board instructions such as boot-initialiZation routines 
and associated drivers for interfacing With a systems input 
component 135 and systems output component 140. Addi 
tionally, the instructions component 130 may facilitate 
launching of the applications 125 at pre-determined times 
and/or on user demand, for example. 

[0043] The systems input component 135 and systems 
output component 140, Which can include multiple compo 
nents, provide a manner for the main board component 120 
to communicate outside of the system 100, Wherein the input 
component 135 is employed to receive information or data 
of various types. This can include receiving request, com 
mands and/or sampled data, for example. The output com 
ponent 140 can be utiliZed to transmit information or data 
outside the system 100 (e.g., communicate With earth from 
space). This can include responding With error messages, 
queries, sampled data, energy emissions and/or manipulated 
data, for example. 

[0044] As an illustration, the main board component 120 
may execute instructions from instruction component 130, 
Which launches a multispectral scanning application from 




















